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.The effectsof s=ated servloeotitlms, whioh Intived e~sure

to variousocmibinationsof moisture,heat,and ultravioletlight,on the c
,w I@t, Mmsnsionsl stab.iliw,sad flexuralpropertleeof relnfmxml ~-
tloswere Investigated.With all faotorsmneidered the adbestos-fabrto.,
pl+mollolamlnateand the @aes*abrlo unsaturated-polyester lamlnate , -
wre found to ‘be the most reeistantmaterials of thosetested. I?me of
* I.sOmratoryagingtestsoorrelatadwith outdoorwather~ with mepect
to all propertiesand.eQ materials. Seleotlonof a suitableaooelerated.
testmust take Intoocmiderationthe materld to be tested,the H-
b be Invastlgatid,and the servioeoondittonewhi~hexe to be simulated.

.
INTRoIxJcTIom

..

w
. . Exkmn&tion regardingthe effectsof weatheringand various_a-

tureand hunuLdi&mndltions on the propsrtlesc& lamlnatedplaatim iS
neede~to eval.uahstheseIW&Wials for use on afioraftend to prepare
specifioatlonsfor the matmlal.sthatare found suitablefor thta purpose.

Thla reportpresentsthe restilteof testsmde to determinethe ef-
fbte of outdoorweather*, aooelpratmlweather~, and amelerated – — ‘
servtoemndltlons on the weight,dimensims, and flemral Propertiesof
nine representative.leminatedplastlosand a moerated+abrio+’illed
phenolioplastlc . The aooeleratedweatheringtest’involvedeqosure to

u ayolesof ultraviolet13ghtand fog; the aooelerated.servicetestsin-
volvede~sure to oyolesof varioustemperaturesand relativeImmidltles..

This imesttgation,conkted at ~ Hatkmal Bureauof Standards, -
m ~ m-d by =d” ctiw~d @th .&e flnanq~. ae~is~e ~ -the

I’TationalAdvlsmy Ccnmlttee.fm Aer0yMOi3 ,..”.;,:.. ~.. . ,.
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The materieLeueeflin t&ia Investigationware ocmezx3talproduote,
selmted to inoluderepresentativephenoliuand msaturate+polyester
plasttoawhiqhare the @es “cmmonlyemplqmd in airoraftdmuotures
and aocessortee.The reinforcingfillersfi $& groupof seleotadplas-
tics includedmaoeratedGottonfatmio,asbestos,oottonand glassfabrics,
and paper. A Mgnin-paperlaminatew also testedas a mntiol on the
severityof the tests,beoauseof @e known dimensionalInstdbili&of
this me of plastio. :

The materialsare desoribedin detailin tableI. Theywere obtained
in the fan of sheets approximatelyone-eighthInch tihiok.Sinoe there
are appreo iahle dif’feremesia tly prqertlee 0$ I@ividml sheetslxkeli
frcm the Em bstih, in (W?fexmt batihesX by the samemenufaoturer
frcm time to time,and in similerlammates madeby differentmnufaotnmirs,
the datareportedhereincannotbe appliedexa&Ay to all samplesof the ‘
tJYWS testd% but man be consideredcnlyas representativeof these@pe8.

.,
Specimne

.
The speoimms mibjeotedto the variouse~cxmre renditionswere 1

inohby 3 inohesby the thiokneEsof the sheet. The length&d width
waremaohinedto within* O,00j inoh. One mrface of eaoh sheetwas
arbltmmxllydesignatmtas tM referenoeeurfaoe. Zhe speoimens.of t?M
olothlaminateswere cut so that the direottonwith the greaternuniber
of threadsper inoh in the referenoesurfaoewas lengthwise.I’@
mi@t of W speoimns variedfrm approximately8 to U grams.

The apmimene ware oonditlonedtQ approximatewei&t equililmtum”at “ –
T70~ @ 5berofmt rdatim hmldi& prior to e%artinGthe taste, The

“periodhof timerequi&d for the test speoimensof the variousmaterials
to reaohwei@t equ~ibriuh afterthemaoh~ qpe~atloneare given in ““
tableII; “ .. n

,“ ,

Weight and Dimensi.cns”
●

.,

The weight was n%”asured.to the nearestmi~ligrem,the lengthto the h
nearest0.001Inoh,and the widthand thidmess to thenearest0.0001
inoh. The lengthwas maeured at two pl.aoeeand the widthand thickness

at three plaoe.s. The changes in weight and dlmens@ns were detmnined
With tlmeeqy+oimensof eaohmater-.
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Flexural. %xperties

The flexuraltestsweremade in amcmdsme
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Witih lkrthodHo. 1o31 of “
hieral speo~ioatiogL+-406a (reference1), using the”240&pm&l-r~e
of e 60,_md-capaci~ hydreulIotestingraaohineshownin figure1.
The flexuralapparatus,shownin figures2 md 3, has been described in

.

reference 2! Load-deflectiongraphswere obtained.in each test on a “.
Southwarl#Mmpliqah~aphio recorderwh20hw operatedby a Southw&le- ~,
PetersplaEtl$8e@3nscmeter. ~ 1- by 3-h epeoimehs,&~sM 1+ thG ““
various“tbstmmditims were out into two 1- by 1.5-inchspmlmens fcm
the flexycal-teqte. Beoauseof the limited size of & spechens the
span+epth rhtiowa6 8:1 “insteadof ~6:1 as premribe”din reference1.
The referencesurfaceof the speoimenwas on the tenslm sidedur~ &
test. l!heradiusof the supportand pressurepteoeswas2/32 inch. The
rate of head separationwas 0.01 inchper minute. :..“

The flexuml stren@h and the.flexu&3J.modul& M elastioi~ ii37Pe ““,‘
mloulated in a6coae with‘theeq-ttons given in MethodHo. 102 of “” “
reference1. The msxhmm deflsctim for a l-inohspanwas calculated
by dividingthe e.ctuqldeflectionof eaph specimenby .* aom Span.
The flexurelstrengthvaluesrepcwtedare considered.tobe aocurateb“ 1 “ “
percent,the flex. modulusof .elastioi@yqluesto 3 percant,and the ‘ “.“.
maximumdeflectl~ valuesto 5 Perbe@. AUtherepm?ted vamesforflex- ‘x”
ural properties“arethe averagesobtainedwith six specimens. .

.
The initialvaluesfor the flexuralpropertieswere determinedon

epeohens whichvere heatedin a circulating-airoven at 122°F for ~
● hoursand thenoondit~oned!?or~ hoursat 770 F and 50-percentrelativa * ““’

humidt~ prim to test. The changesin the flexurslsta%rigtb,flexxmal
modulusof elasticity,and meximm de~lectionin bendingas a resultof
e~osum to the outdoorweathering,acceleratedweathering,and acceler-
ated servicemnditlone wezw calculatedficm theseinitialor base values.

Three sets of three
reference surface Ixmard
the fidue&Xl Building,

OutdoorWeaf5ering

1- by s-inchspeotins were e~osed with the
the lighton I?eoember7, 1943,on the roof of
NationalBureauof Standards,on racksat an -

angleof k5° facingsou-iih.The specimensmre removedfrom the roof
aftarexposurefor 1 yesr. One set was used for determining@flexural
Properties.Measurementsof weightand dimensionsweremde on another

● set whlohwas retm%ed to the roof tugetherwith the thirdset for p
ther exposure.
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The amelerated weatheringtest
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Weathering

was made in aooordanoewithMethod
l?o.6WI. of referenoe1, and involvedeqmure to oyoleaof ultraviolet
llghtand”a We@ atznmphere. The spedmens were turnedend for end
every24 hours to obtalqmore uniforme~eure to the ultz.wmloletl@ht
over the entirelength. The bol+- and nuts usedfor supportabovethe
Mek were arrangedso as to be suiteblefm holdingthe 1- by 3-in@
Speollliens... ..

One set of epeokms wae used to measureweightand dfmensloneand
anotJ& set to determineflexural”propertiesaftereqymme to aOoeler-
atedweatheringconditionsfor 120, 240, 3607and 4& hours,respectively.
AU meolruenswere reconditionedfor ~ hours.at7’703’~ SOmeroent
relative Imnldi& titer eaoh test~riod prtm to‘nwking~ =asurements.

AooeleratedServtoeTi9sts

aooeleratedservioetestsweremade In aomrdanoe with themxxw-
dureedesoribedin referenoe1. The testingoomlitionsincludedin ‘%heee
~ticxierepresenta @tarttowardestablisM.hga grq oi?testprocedures
for detezmlningthe effeotsof changesof atmospherictenqpratureand
Immidl-&uponplastioproduots. The slgnlf:mnoe of these procedures,
insofaras correlationwith aotualservioeperformanceIs conoerned,Has
not yet been
industryand
materials,

.’

established;however,they
governmentagenolesin the

are-beingusedby the plaetlos
evsluaticniand proouremnt of

““

●

,-”.

,.
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The Conaltmls used h the tests‘mre aa follom:

Periodof mndL-
tloningat 7’70r
end ~ercent

F4Y’- Rel~ti- relatlvehwnldl~

Test !M.tle
, Ferlod

h?) (%’)
h~m~~l betwee~:~lea

I Moderate-tmqperature 24 MU %5 to go
test (wetend dry) 24 ~40 10 48

II .Moderate+mperature.p 140 10 96.
teet (.* O*) .

m Severe+emperdmre 2k 16o ?0 to 75
teet - . 21} 160 , 7 ! 48

..
~ M-era& 24 - 175 “ %to loo

test 2b 179 5 40

v ~-lm temperature 24 ‘.175 70 to 75
ted ZA -40 mtoloo

I 2k 175
~~1+, ‘ .-~ % t? 100 72 .

It is genersJlyasmmd that the cadreof lnoreasiqfseveri~ of the%
testsis as foldmws: 11$ 1$ III,TV, and v,

The SpOcs*nS were suqenclqt lniii~dusllyO* ~* ~ g~t~atea
aqpeous ml-t solutionsh 0-ounoebo+tlesto “ob’t&keqos@e to the various
high relativehumiditiesat elevatedteiu&r4dmres.The relative-hu~ ‘-
valuesover saturatedaqueoussalt soluttonsreferred.to ti *is report
were takenfrom referenoe 3. Zu eqh of the rive ~es of testsdesorlbed.
in the precedingtable,the weightand titmmslcmsof one set of speotmene
werezueasuzwdwlthln M minutes sf’terthe .~onoiuslcmof eaoh ayolefm
10 oyoles. Othersetsweme iwmbvedat the end & s and 10 oyoles,re-
spectively,againmndttioned at 770 ~ and p~roe~t relativehumidZ@
for 48 hours~end testedfm flemral properties.

,, .

MoistureContent

The eqpillbriwnmoikturemntent of the Gra&g C @enolic kmlnab “
was detem~’d at seveml, temperatures ax relativeImmLdlties. The
specimens,thee for each lamperatureend relative@mldt@’, were

..
....._

-,
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cmndltionedto approxlma~weightequilibrium
latlvehmlditivbeforethe testswerebegun.
in 8-ounoebottlesoverphosphoruspenti=tij

l?ACA~ NO. 1~40 .

at @ F and’~z?oent re- m
The speolmenswere euspended
eaturatidaqueousmlt sw

lutions,and walmr,resp60tt-mly,dependl.ngwon the hmidl~ oondttlon
desired.

The equlllbrimnmoistureoontentwas oaloulatedas follows:. .

where We. Is the equilibrium’=ight at the indioated

lativehumidityand Wa Is the equlllbrtuutwe@ht at
relativehumldiw. S$Jioe the weights of the speolmene

temperatureend re-

+ ~ ~ O-percent
used to obtain Wd

were not the same as thoseused to obtainthe equilibriumweightat the
“higherhumldttie~,l?d for a speolfloapecim+ was OSlOVda- &e follows:,

we
“()%*WI ~.

-- . ,.- . . ---------- ——.-—u- —L ma
wnere Vq m ZUe equl.LIDrnmLwwlgJmav rf

.

h~ldtti of + spmimen used for a Mgher

Is the ratioofotheequllibrimweightsat
humidi& and 77 F.and 50-peruentrelatlve

. .. . .. .

.

F and ~eroent relative

.

.

.-

77°1’and d-peroentreXive
.

●

humidity,respeotlvely,K@
the specimendriedoverphosphoruspentoxtde.

RESULTSAND DISCU=lQN

Wei@t and Dimensimal.Changes

,,
The ohangesh weightJlengthanilwld.th,and thidmess of themate-

rialsupon exposureto the outdoarweathmxlng,ecaeleratedweathering,
and aocelerded servicetestsare presentedin tdbleIII. Scma of the
resultsare shown~aphfoally In flgwes 4 to 6. ~ most of the tests

.

theseohangeswerenegattve. Most of the positiveOhangoswere In thiok-
ness. Cccmldertngthenmgnltudeof the dmnges regardlessof sign,aocel- #
erabd servloeteetN is themost severeof the testproceduresUsed$
aooeleratadservioetestII is +2m next b severi~, and outdoorweathe?.-
Ing followsas thi@ in sever$Q. Aooelerateds&vloe ‘test1 Is the least

.



r Oevwe. The paper+ase phenoliolamhates changedsemral timesmcme In
weightand thiulmessthan the otherm3terlalsIn the outdom weather~
tests.

The relativeweightand dlnmsionsl etabllt~ of the veu%ous mate-
rielsare shownIn tableV. b this teible,the mtertals are rated
aomrding to -e of change,the leastdumge being denotedby a ra%
~ of 3. Witi respeotta might dmnges, the glass+kibriounsaturated-
polsfesterl.amlnate,El.,was found to be themost stzible;followed by the
parsllel~~aper phenol%olamtna~, Bl; the aetestos+abriophenolio
laminate,IQ and the orosm~per phenoliolsminate,Cl. The most
stablematerialIn the lengthand wldtiwas the glass+abrlounsaturatid-
polyestxmlaminate,El, followedby the oross~~per plienoltolsmi-
nate,Cl. With respectto tktoknesschanges,ihe oottomfabriophenollo
laminate,Jl, was themost stable,followedby @m glass+almlo umaturated —

.

polyester lsiilnate, El, and the ootton+’abrio phenolio lamlnate,Il.

The lamlnatestestd a be ratedfrom thebeet to the pooreston
the basis ofwei@t and dimmstonel stabKli& as follows:

0rdk3rof quali*
based dn ml@t Mater@l.

.’

and dimensional dee~’ “
StEibili*’ nation me of Umlnati

1 El Glass+abriounsaturated-ster
2 Kl Asbeetoe+abrlophenolla

B1 Parallel-pQ-paperphenollo
L,’ Jl Cot~almio phenolio
:“ c1 Crossed-pQ-paperphenolio

Fl Cottm+abrio unsaturated~lyesbr”
n Cotton~abrioplpmlio

i“ HI.” Cotton+abrtounsaturate”d-po@eSter
9 UL LQnin paper
10 Al Maoeratedootton+ibriophenolto

mldlng

ChangesIn Fbxwsl Propertte’s

The changesb flexwrd.s+zength,flexurslmodulusof elastiotty,
and maxlmundefleotlonIn flexurs~ thematsrial.supon exposureto &s
amelerated watherlng and amderated servioetestsare presented.ti

● tdbleIV. The results are shown ~aphicall.yin figures7 to 9. The
paperand glass+abria lamlnalm had the highestInitlslflexural
strengthsand moduld.of elastiot~.
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W restitsOf the tOS’tS showed
which Inoreases in flexuralstren@h

I’i?4CA~ NO. l@IO .

that there were severalawes h m

resultedfrom W aooeler~tedweath-
eringand serviceconditions.~“se.Immases In strengthwere attributed
to ftmther mare d the reslneo Xn thisoonnmtion it Is of interestto
note that,sltihoughfurthermm of themosettln$resins beyondthe amount
~ ~ged UU causesan Inorea*ein modulusal?elastlotlg-and
a decmeasein maximumdefleottonIn bending,no suohs@eement was ob-
servedin all oasesh ~ presentinvestigation.ol@erienoe showsthat
afterfull owe has been reaohed,furtheragingresultsin ~terioration
of the resin.

Aocebrated serviceteyt TV 18. themost sem”twof the““agingprooO-
dureswith respeotto changesin fl.exuralslzrengti.The outdow weather-
ing and .aooeleratedSemloe tastI are about”equaland next to text IV
in sevml~. The aocelehatedwdthen- t68t‘andacceleratedservice -
test II are aboutequaland the leastsemre of the prooedureaused.

.
The relatitiretimtionof sl+k~ by the miom materials18 shown

In kble V. In tits table* flexuralstmengthend the flexuralnmdulue
of elastiol~ are ratedaocordhg to retentionof Blxength,themtexisl
with the greatastimrease be- rated1 and thatwith the greatestde-
mmee.being *ted U. “For”iie.xhumdeflectionin f’lexme,thematerial
with * greatestnsgattveohangeisrate?as 1 a@ thatwith the~atest
Posltim ahangeas U. !Fheasbestoe~abricphenollclamlnate,Kl, was‘
themost resistantwith regardto retmrklonof flexuralstrengthbut It
m also the weakestinltiall.y;the strengthinoreasbdon e~osurs to all
the tests. The fl.exuralstremgthsof sll the othermaterialsdeoreased
In @m or mqre of the.J@ng..tests,

.
The ootton-fabriophmolto laminate,

Jl, was seqmid@th regardto re.tenttmof flexuralptiength. ConsZdm~
the retentionof flexurslmodulusof elastioi~; the asbestos-fabrlophe- A
nolio lamlnate, Xl, was the most reeistsnt, followedby the gl.aes-fabrlo
unsaturated~”alyesterlamtnate,El.. Comiderlng the effeoton deflection
in flexure,the cotton-%abrlounsaturated-polywhrlhmlnate,HI.,had the
best rating,foil.owwdby the cdt=abrio unsaturated-polyesterlaminate,
I?l,end the ootlmn-fabrlophenolichmlnate, 11.

The leminatestestedmy be ratedfrun
thebasis of,strengthretenttonas follows:

the best to the pomeBt on

.

I

r
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Im3ed. Oa strength . deBi&”” . . ‘.”’
retentim “ ‘ “ Xkatlm ~earhli3aate -

.
1 As13estos#abr* &&ol.ic3” .. - -
2 “ R“. “ COtto@Mmio msaturated~lyesb*
3 -,El -,., . .G@ss+abrlo upsaturaticl~03yeatsr

Croese@lyq@ppr phenolio
; .Z ‘.(30ttm+abrlopl$enolto

.6. ~.a”. : Cottomhibr’iophenolie . .
, ~ “, j..: .‘, ‘HL Gotton’%?immUnf3aturatea-’polyestex“!..”-
8 Llgnln~per
9“. m . ~”ParaJJel~~q*. P$OXldiO. : ~

,’10 :’ ~ ‘“ Al. . . Mio&ated ootton%abr$~phenolio
melding ...’-”,’ .,”,.K. .

,.. i. . .-

Genersl“Resietsuoe,
. .

The over-all.re~letianoeratin& for t$9materhle were de+- .S.
by addtngthe ratingsfor eaqhpmper~ ahd’dssi- t@ matirlalwith ‘
* lowpst.am the:o+* rwtq 3, the bext S#Qes’t2, -80 fatll. “
The lamlnatestestadmdy bs ratedfrom the best to the poorestton.a’ ,..
basis of su64 omm-all reslchzuioeas follows~ ..

..
.“

r
.. ”:.” 6, -.”

.“ .“ .- .
. . . . . . . . -..

. . . ,. ’.:,.
Order “&’ qyalltv ‘ ‘ Ma&$& ,’ .8’ ~.

basetl- on over-a32 desl&-
resistanoe - nation .:~wmhllb+”:.. ““’ “

,!.. . .. ...
1“ ‘n“ ‘“ Asbestos-fatiiopbmollo
2 El” Glasti@mio uqsa%urated-polyestes
3 F1 Cetton+abr$cmsaturated-pdyester

c1 Cro8ee&@y-paper phenolio
; J1 Cottolr+dbriophenollo
6 n . Cot*a?mic phenol+,,

El Parallel~Qqqper phenollb
i m Cotton-f@M.oun.eaturated~o~ester
9 L- paper - “
10 2

I

Maoerateddottoa+ib~~:-+$o :
,moldt~ ..-.’“.

.—. . ... . . .. .–-– .. . . -..-.,,:— ,.. ..-, —..T–. —.,
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S&e” tlie&n&Wail.’fXeWLK& IWQW?rt@s,@ $he.~ass+ibr3c.~ag@q@ed-
polyesterlamlnate,El, were s~rtcm to;thoseof.the asbesto~abrio ..
phenollolemlnate,IU, theEl materialwas ~ best of those+eew hn
both stabili~ and”r$axinmcs~ength are mnstid@edo’,.. .*-’””.~,-=-.’- .-,. ,--:.-,.*---● . ..

.,...:-... . . .,.-, - .. ”’.
‘. .1 .. -.,-, ?
t.,..:....::..

“ Ctila+toli & L&at$ry J@* Teehtif!“.., .1..’,....” .“” . . .‘.
‘ tith.CM* WetAher$ng.. . ..

None of. ,*” labdtmt~ test &boedurea oan be ussd with SU the
&&?$d.s ‘to” dhbh chen&wI’ W pz%~kttes mqparable .vith chEuI@8 obtained
In outdoorwea~r~ tests. ~-summT ~ ti resultsof a detdiledcan-
pamtivw ~~~ation is givan in.iiableVZ. Ths”remiltsalso show thattJw o
laboda~ evaluation~oobdb ~for.’aspoc~ia.materm or groqpof mate-~
ria@ shouldbe seleotedby &klng tntooonstderatl~the materialstQ be ,
tisted,the propOjties’to tie-&kmlned“ ‘;”‘H the“omdltloaswhich-
materialswillmeet in service.... ... f,, ,., ... .:.

?: ..,.,. . . .. .. . .,.. . . Moi9thrbContent .-” . “ s B..,,... ..” . . ... . .,
‘~ ~sqlts of - mole- ‘eqtailibriumteatson the oottom-fabrlo .

phenal.iol&tna&, 11, ar6 repcmtedIn tableVII and showngraphhilly
in figure10. ~se resultslxidioatithat‘~quilibriumIs reaohedmore.
rapidlyas the te@erature 3s Inoreased. The moistureocmt.entdeoreases
,dd‘“tlWtemperetnre~lH inoreasedand.4n.oreasesas.the relativehumidt~
$s Inoreased.The maximummolstmm contept.ob.q~rvedwas 7.1 peroentat
1770P and M@@n’oent relativahumidle; 31 weeks were requ~d .tareaoh
quilibrium In:thtsaase.. !..’ ..- . . ... .. .. ,-,..C,.,.., ,{*
. .!Fhefollm equation@s Men fob to flt the ourvesh. figure .
‘lo.tCY’-wlth4y peroent: :: , .. ‘... ,..,., .. . . .. .. .. . ,..,

1..,”?””. . ,.,
iiE.#ii-’+b~a)s,”” ‘

1
.“” :

#’ ,:., .,#,*: .%
where .: .“:- .,1>.-. :........ -..
\

. ,“
,,.,, . .,::-.. .... .. ... “,,.,?.>

.

:M
..

moisture.06nient,peme~t . .: , t
..... .,. .. “

~~ ‘rel~t~+”~~~1~,” ~~t” ~, ‘ ~ ‘ ~
...... ... .. ... . . ..,..-..%!.7,------ ...... ....... .. “

and a and b haye the followingvalms:

m

.“1—
—1I.

.

,-

.

—

.

.

—

J!

. .

J

.

..-— -.

— ..~

.

Ii:

.



I!IAOATHHo. 1240
.;. ”.. . .“.:’, ..,..-. ,V,+m .- .:,.: l.. :..,: ,.. .L .. . . . .“

. . ....

lw

. . . r., rature
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77 . “ ‘ o.oob32
100 Jgll..:.* ,00043
140 .00044
175 .0425 .oaL67

\
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=Se cOllStEUltSindtwxte*t * gffe~t’”& *a*e’”~ * g“qu~l~.
rim moisture mntent wasnot greatbetween~ and 175° ~ at low re-
lative hmid.ltiesand between ~ and lW 1?at high relative humidities.
However, the effeotof tamgeraturebetweenl~” and 175°F at high hu- ,
miditieswas more pronounced.

The pointat 100°F andMC-percent relativel&midz@ doesnot agree
vith the generalpatternindicatedhy ~ otherpointsti shownin figme
10. This pointwas redetemdnedwith threeaddlticmalspedmens; the

tlonagreedwithin.4 percent0$ the firstdetezminati.pn.seconddatermina
Ho reason foh thisapparentdiscrepancyis known.

,: COlJCLU5101@
,. ,

Nom of the laboratimysglng tests.&ve reaaltswith all.the-mate-
● rialsand for all - propertieswhichocanwlatedwith the resultiof

outdoorweathering.A laboratoryevaluatlm prooedurefor a materkl
w groupof materialsshouldbe selectedon the basis of thematerials,

* the propertiesto be detemined, and - conditionswhich thematerleda
willmeet In eervioe.

Acceleratedservicetest IV, o~ist~ in alternatee~sure fcm
24 hoursat l~” ~ and ~ to l~ercent relativehumidityfollowedby
24 hoursat 175°P and a relativehumitityless then 5 percent,was the
most severeof thoseused in this investigation.All the materialsex-
oept the asbestos-fabricphenoliclambaala,KIJ increasedin thickness
ti thzs test. !l!Msmatsrielwas the only me whioh inoreasedin flexural
B~l@l and flexurelmodulusof elasticl~ on e-sure b accelerated
servioetemt IV.

\
. The asbestos-fabriophenolicand glass-fabriounsedmrated~olyester

‘-tes were the most resistantof the matarlalstested. The papez-
bhee phenoliclamlnateswere not so s~le in wetghtand thiclmessafter

● ou%doorfeatheringas the othermaterialstested. Theseresultsindicate
-t thsmost rssistantlaminatesare thosemade with~terials whichare
ledht~ected by water. #
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The eqtiibrim.mls-e .cahtf= cotton-fabricphenolfiI.amlnate .
deareasedwith an Inmeaee In tiratur.e and a ~creswe in relativeh~
mlditiy.The t- for attal.nuwntof equilibriumdeoreaesdwith an *
creasetn taqperature.The tkm@rdt@i ‘effecton the equlllbrlumnmts-
lmremntent was hot eo prcmcnmcedtetween7F dnd lfioi!at Iuw relative
hmldlties and between7P and lWO F .&thigh relattvehmldltiee as It
was between1~ and ln” F at highrelattvehumidities.

. .

NationalBureauof Stmdarde; ‘
Waehingtcui,D.,C.,.S@enib,er13, 1946.

... . :.. .
~’.

1. PederalSpmlfioatianL-++: P18stios,
.flcat@ns, Testbbthods;Jen. 24, 1944.
““Ufflce,Washington,~, D, C.

—..

.—

(kganlc; General Speoi-
Gcnmnment ZMntlng

2. Lamb, J. J., Albrbcht,Isabelle,end @.llrod,B. M.: Iqaot S~n@h
and l?lekuralPropertiesof LaminatedFlaetlceat lil@ and Low
Temperatures.NACA ~ No. 1054,1946.

3. Washburn,E&erd W., Ed.-in-Chief:InternatbnaZCriticalTablesof
lhuuericalData,Physice, Chemis~, and Tedmology. Ftisted.
MS3raw+UllBook Co., Inc., (NewYork):vol.1, 1926,p. 67. .
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@der of mrrelation of leborat~ aging
procedureswzth outdoorweathering—.—

Property

t“ “- ‘

First Sgmnd TMrd Rnlrth Fifth.— .— —

Weight x+ 1-10 A-120 111+ A+240

Lengthandwldth rj I-lo IS-5 A-MO A*O

!QIMsneSs 1+ x-lo XII-5 3II-10 A-120

Flexuralsizengt?l Iv- III-10 n-lo v--lo 1-10

Flexural modulus of III-10 1+ 1-10 III-5 v-lo
elaetlofw

Ik@I.eotlonin flexme A+O v+j A+#10 v-lo rr+

‘Onlythe ~ and lkyole acoelemwdmdservicetestsare ooneidered
einoetheseexe the only testefor whlohdata are avaiMble for all ttm
propertiesmeaeured.

%he Romann-ml. Indicatesthe aooeleratedservicetest in Method

f

.

w

i

.

6QU of referenoe L; the &abtc numeral. fo~owing3 it indicatesthe number
of oyolee. “AHrefersto the AooeleratedWeatheringMethod 60ZZLof refer- ●

enoe1; the Arabionumeral.folJ.owingit Indloatasthenumberof hours.

m
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VZL- E@IIJBRIUM MXWNIEE cQE!ElmTm - c PmOLm

AT VARIUUSRzLNEPm mMIlmms

Time to
reaoh I

X
7?

100

140

Relatlve Means or materiels
hlmliaiw to obtain
percent) relatlvehumidity

=0*- pentoxide
5: Condltionlngrom
76 Sodi~ chlcd.da=
85 Potassiumchloride=
300 I Distilledwa~r—
74

I
Soaiml Chlorids=

85 8oditm sulfatea

--4
sodium”chloride=&i Sodium sulf?atea

100 Distilled water

IsodiumohlorMe2G SodimQ sulfate=
100 Distilledwater

Misture apprcmlmate
Ccnltent equlllbriuml
peroent) (ueeks)

o 25
3.1

31
;:: 25
7.1 3J-

b.2 kg
k2

2:: 31
4.1. 30

27
2:: 16

(*S)
3.6 4
4.6
6.6 :

‘Spmirmnswere initially oondltlonedat @ Ifand 5@peroent rel-
atlw humldi~ to wai@t equilibrium. It is estimatedthat the speoi-
mens sre within2 percentof wsightequilibriumat the timesIndioated.

~aturated aqyeoussalution.
-.-.

IuATImAL AImBcm
ccwIm!EE 3mR AEEmAmms

\
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l’IQURE 3.- OLOSE-UP VIEW 01’ADJUSTABLE-SPANPLEXURAL JIG AND EXTEN-
SOMETER USED FOR MEASURI~Q DEFLECTIONS OF SPEOIMENS IN

FLEXURAL TESTS.
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HETHOD 6021, FED. SPEO. L-P-406a

SOLID LINE, 120 HOURS “

DOTTEO LII?E,240 HOURS

I-V. AOOELERATED S~VIOE TESTS, METHOD

SPEO. L-P-4osia

SOLID LINE, 6 0YOLE6

DOTTED LINE, 10 OYOLES

NATIONAl ADVISORY

COMMITTEE FORASRONAU’MS

0011,

FIGURE 4.- OHAMIESIllWEIGHT OP LAHIMATES IllWEATHERING AND SERVIOETESTS.
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HAO=TEO Y. OUTDOORWEATEEUlrG, 1 YEAR

PAPER, PARALLEL-’LY A. AOOELERATED WEATHIRIMG, 8UHIWP-P(XI,

PAPER, 0R086ED-PLY METEOD 60al, ~. 8PZU. L-P-$-OS&

D1. LIQNIM PAP~ SOLID LIHE, 120 HOURS

El. GLASS POLYESTm DOTTED LIME, 840 HOURS

n. MUSLIM POLYESTER I-V. AOOELERATXD SERVIOZ TESTS,METHOD 6011,

m. DUOK POLYESTER PEO. SPEO. L-P406a

Ilo GRADE O PREMOLIO SOLID LIME, 5 OYOLES

J1. QRADE L PHENOLIO DOTTED LINE, 10 OYOLES

u . QRADE AA PEENOLIO .
NATIONAL ADVISORY

coNNITrEE m AERWm’rlcs

~XQURE 5.- 0HM3E8 IN LENGTH AND WIDTH OF LAMINATES IM WEATHERING AND 8mvIOE
TESTS.
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E. OUTDOOR WEATHERING, 1 YEAR

A. AOOEL_T31D WEATHERIlU3,SUMLAMP-POG,

METHOD 6021, FED. SPEO. L-P-40Sa

SOLIDLIKE,lBOEOURS

DOTTEDLIME,a40HOURS

I-V. AOOEL-TED SEWIOE TESTS,METB3D8011,
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NATIONAL AOVISORY
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PmuRE 6.- OHANC+ESIx THIOKHES6 Or LAMINATESIM Weathering MD SERVIOETESTS.
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D1. LIGlmi PAPER

El. GLASS POLYKSTER

rl. MUSLIN POLYESTKR

n. DUOK POLYESTKR
●

11. QRADE O PHEHOLIO

J1. GRADE L PHKHOLIO
●

K1. QRADE AA PHEUOLIO
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Ii. OUTDOOR WEATHERII?G,1 YKAR

A. AOOE=TED WKATHERIIIG,SUMLAMP-POG,

METHOD 6021, FED. SPEO. L-P-40Sa

SOLID LINE, 1S0 HOURS

DOTTED LISTE,240 HOURS

I-V. AOOEL~TED ~VIOE TEST8, MKTEOD 6011,

PED. SPEO. L-P406a

SOLID LINE, 5 0YOLE6

DOTTED LIME, 10 OYOLES

NATIONAL ADVISORY
CmnmrEE Fm AERONAUTICS

.—

IH PLEXURALHODUIW OF ELASTICITYOF LAUIliATESIllWEATHER-
S=VIOE TESTS.
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~TTED LIliE,10 OYOLES

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS
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